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Hypertonicity affects heat shock protein 27 and F-actin localiza-
tion in Madin-Darby canine kidney cells. High concentrations of
NaCl are known to perturb the cytoskeleton. In this study,
expression and intracellular localization of actin, an important
component of the cytoskeleton and of heat shock protein
(HSP)27, which promotes the assembly of F-actin, were examined
in Madin-Darby canine kidney (MDCK) cells grown chronically in
hypertonic medium. HSP27 mRNA abundance was increased
twofold compared with wild-type MDCK cells. Chronic hyper-
tonic stress led to enrichment of HSP27 in the insoluble compo-
nent of the cell lysate and colocalization with cortical F-actin.
These results support the notion that HSP27 participates in the
modulation of actin dynamics following hypertonic stress.
The inner medulla of the concentrating kidney is char-
acterized not only by high extracellular concentrations of
NaCl and urea, but also by a high content of the low-
molecular-weight heat shock protein (HSP; subsequently
denoted as the canine isoform HSP27). This HSP is be-
lieved to participate in the regulation of F-actin assembly in
the cell cortex [1]. Because alterations in extracellular
[NaCl] induce reorganization of the F-actin network [2],
the aim of this study was to evaluate the effect of chronic
hypertonic stress on the expression and subcellular local-
ization of HSP27 and F-actin in MDCK cells.
METHODS
Wild-type MDCK (MDCK-WT) cells and MDCK cells
grown for 20 to 30 passages in hypertonic medium (MDCK-
CN) were maintained under standard conditions except
that the medium for MDCK-CN cells was supplemented
with NaCl to a final osmolality of 600 mOsm/kg H2O.
Confluent monolayers were used for analyses.
For probe generation and Northern blot analysis, HSP27
cDNA was prepared by reverse transcriptase-polymerase
chain reaction (RT-PCR). Briefly, total RNA from heat-
shocked mouse glomerular mesangial cells was reverse
transcribed (Ready To Go T-Primed First Strand Kit;
Pharmacia, Freiburg, Germany). A 2-ml aliquot was ampli-
fied by PCR (sense primer, 59-AGC GCC GCG TGC CCT
TCT C-39; antisense, 59-TGC CTT TCT TCG TGC TTG
CCA GTG-39; 94°C denaturation, 61°C annealing, 72°C
extension, 25 cycles; Taq polymerase; MWG, Ebersberg,
Germany). A 385-bp HSP27 cDNA fragment was digoxi-
genin labeled by PCR in the presence of 0.35 mM digoxi-
genin-dUTP (Boehringer Mannheim, Mannheim, Germa-
ny). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
cDNA was prepared by PCR amplification (sense primer,
59-CCA GTG AGC TTC CCG TTC AGC-39; antisense,
59-CCC ATC ACC ATC TTC CAG GAG C-39; 94°C
denaturation, 63°C annealing, 72°C extension, 35 cycles;
product length 471 bp). Total RNA was recovered using
Tri-Reagent (Biozol, Eching, Germany) as described by the
manufacturer. Northern blot analysis was performed on 20
mg total RNA according to a nonradioactive hybridization
and detection protocol [3].
For sodium dodecylsulfate polyacrylamide gel electro-
phoresis and Western blot analysis, cells were washed (4°C)
and scraped into 100 ml chilled lysis buffer containing 20%
glycerol, 20 mM tris(hydroxymethyl)aminomethane-HCl
(Tris), 1 mM ethylenediamine tetraacetic acid, 10 mM
sodium fluoride (Sigma, Deisenhofen, Germany), 100 mM
Pefabloc (Biomol, Hamburg, Germany), 1 mg/ml leupeptin
(Biomol), 1 mg/ml aprotinin (Fluka, Buchs, Germany), and
4 mg/ml trypsin inhibitor (Sigma). Cells were lysed by three
cycles of snap freezing/thawing on ice followed by centrif-
ugation at 12,000 3 g for 15 minutes at 4°C. The buffer-
soluble supernatant was removed and saved, and the buff-
er-insoluble pellet was washed with chilled phosphate-
buffered saline (PBS) and solubilized in a solution
containing 6 M urea/0.1% Triton-X100. Protein (40 mg)
from each fraction was run on a 10% polyacrylamide gel
using the Laemmli buffer system and was subsequently
transferred to nitrocellulose membranes. Immunodetection
was carried out as described previously [4] using an anti-
serum specific for HSP27 (SPA-801; Biomol; dilution
1:5000) and actin (Sigma; dilution 1:1000). Bands were
visualized by enhanced chemiluminescence (Amersham,
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Braunschweig, Germany) and quantified by laser densitom-
etry.
For fluorescence microscopy, cells grown on Lab-Tek
chamber slides (Nunc, Wiesbaden, Germany) were fixed
with 3.7% paraformaldehyde/PBS for 15 minutes at room
temperature and were permeabilized with 0.1% Triton-
X100/PBS for 15 minutes at room temperature with agita-
tion. HSP27 localization was monitored by primary anti-
body specific for HSP27 (SPA-801; Biomol), biotinylated
secondary antibody (Dianova, Hamburg, Germany) and
rhodamine-conjugated streptavidin (Dianova). All incuba-
tions were one hour at room temperature in buffer B (1%
bovine serum albumin/0.01% sodium azide in PBS, pH 7.4),
dilutions 1:500. F-actin structure was visualized using
FITC-labeled phalloidin (Sigma), 6.6 mg/ml in buffer B.
After several washings in PBS, the slides were mounted and
examined on a IM35 (Zeiss, Oberkochen, Germany)
equipped with the appropriate filters.
RESULTS AND DISCUSSION
MDCK-CN cells express twice as much HSP27 mRNA
(Fig. 1) and protein (total cell lysate, data not shown) as
MDCK-WT cells. Chronic hypertonic stress thus either
elevates HSP27 mRNA transcription or/and increases
mRNA half-life. Enrichment of HSP27 in the buffer-
insoluble fraction of the cell lysate (containing nuclei,
cytoskeletal elements, membranes, and cell debris) was
much more pronounced in MDCK-CN cells than in
MDCK-WT cells (Fig. 1). Distribution of actin was almost
equal within the two fractions in MDCK-WT and
MDCK-CN cells. Because isolated nuclei of MDCK-CN
cells contained only minor amounts of HSP27 (not shown),
these data are consistent with the association of HSP27
with cytoskeletal and/or membrane components in MDCK
cells exposed to chronic hypertonic stress.
Double-labeling fluorescence microscopy showed HSP27
to be localized preferentially, but diffusely, in the cytoplasm
in MDCK-WT cells, whereas F-actin staining was found
almost exclusively in the cell periphery as a narrow band
immediately below the cell membrane. In contrast, in
MDCK-CN cells, HSP27 and F-actin colocalized as a broad
band in the periphery of the cell (Fig. 2). These results
suggest that HSP27 associates with cytoskeletal elements
and modulates actin dynamics in MDCK cells exposed to
chronic hypertonic stress, resulting in enhanced polymer-
ization potential of actin at the cell periphery.
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Fig. 1. Western blot analyses of heat shock protein (HSP)27 and actin
and Northern blot analysis of HSP27 mRNA (inset) in wild-type Madin-
Darby canine kidney (MDCK) cells (s) and MDCK cells grown for 20 to
30 passages in hypertonic medium (f). Immunoblot analyses of five
cultures from the respective cells were carried out on supernatant
(“soluble”) and pellet (“insoluble”) fractions as described in the Methods
section. Representative fluorograms are shown under the respective bars.
The inset shows relative HSP27 mRNA abundance from four cultures of
the respective cells (adjusted for loading differences using GAPDH) and
representative fluorograms. Data are given as means 1 SE.
Fig. 2. Immunofluorescence micrographs of wild-type Madin-Darby ca-
nine kidney (MDCK) cells (MDCK-WT, A and B) and MDCK cells grown
for 20 to 30 passages in hypertonic medium (MDCK-CN, C and D). Cells
were double-stained for HSP27 (A and C) and F-actin (B and D). Bar
represents 10 mm.
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